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Subject: Hydraulic model ~i.tfudies of the Fnsign balanced valvns-- 
Arrowrock Dam. 

When the Ensign valves a t  Arrowrock Dm a re  allowed t o  dieaharge 
under high heads, severe cavitation re su l t s  which dqnages the ou t l e t  
conduits by p i t t ing .  The propofled operating echedule f o r  flood contzdi 
requires tha t  the valves be operated a t  heade up to double that now 
coneidered to be the allowable maximum. Hydraulit: studies were made 
0x1 a model of one of the lower i r r iga t ian  out le ts  t o  deterrmine the 
f eas ib i l i ty  of making minor al terat ions t o  the  valve eeat  ring8 ta 
eliminate or materially reduce such cavitation so that flood control 
requirements might be met. 

' Minor a l tora t ion  (streamlining) of the valve eeat rings would 
increase the out le t  capacity, but would not improve the preeeure 
conditione i n  the valve throats suff icient ly t o  prevent damaging 
cavitation a t  high heads. Only by a major re\Y,eion of the  valves, 
o r  by res t r ic t ing  the flaw areas domatream from the valvee, would 
it be poselble to prevent severe cavitation and damage t o  the conduit. 

RECOMMENDATIONS 

In view of t h e  resul t s  of the model investigation, it irB reoamnended 
that no a l t e ra t ion  be made t o  the valves, btrt that eaoh of the emen 
52-inch lower valve out lets  and one 72-inch power condull; out let  a t  
elevation 3018 be provided with sane form of reetr ict ion,  perhaqs of 
the  wedge-like shape used i n  the model study, t o  raiee the  pressure 
gradient withfn t h e  conduit, thereby permittlag safe operation under 
high heads. It is recommended a lso  that the diecharge ende of the 
52-inch out le t  and the 72-inch parer conduit, which have s t e e l  pipe 
extensions leading t o  the eloped entrance of the  divereion tunnel, be 
rearranged to  allaw the f l o w  t o  discharge d i rec t ly  in to  the r ive r  
channel, thereby eliminating any damage which would r e s u l t  frm the 
turbulent f l o w  if these out le ts  were allowed t o  discharge into the 
diversion tunnel when it i s  f i l l e d  by backwater f r a r m  Lucby Peak 
Reservoir. 
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Subject: Hydraulic model fj.t!udles of the h s l g n  balanced val.vf~s-- 
Arrowrock Dam. 

PURPOSE OF STUDIES 

When the Enalgn valves a t  Arrowrock Dam are  a l lwed  t o  dieaharge 
under high heads, severe csvltation resul ts  which dtyages the  outlet 
conduits by pi t t ing.  The proposed operating schedule f o r  flood control 
reqxires t ha t  the valves be operated a t  heade up t o  double tha t  now 
considered t o  be the allowable maximum. Hydraulic studies were made 
on a mcdel of one of the lower i r r lga t lon  outlets t o  deterrmine the 
feas ib i l i ty  of making minor al terat ions to  the valve eeat riage to 
eliminate or  materially reduce such c a ~ i t a t i o n  so that fl- control 
r equ i r a sn t s  might be m e t .  

CONCLUSIONS 

' mnor al terat ion (streamlining) of the v~1,ve eeat riage would 
incraaee the  outlet capacity, butwoqdd not Improve the preesure 
conditions i n  the valve throats sufficiently t o  prevent damaging 
cavitation a t  high heads. Only by a major revision of the  valves, 
or  by ree t r ic t ing  the f l o w  areas dcrwnetream from the valves, mild 
it be poesible to prevent severs cavitation and damage t o  the conduit. 

In view of the resul ts  of the model investigation, it SB reccauuended 
that no a l tera t ion  be made t o  the w l v e e ,  but that each of the ewm 
52-inch lower valve outlets  and one 72-inch powsr conduit out le t  a t  
elevation 3018 be provided with same form of restr ict ion,  perha~e of 
t he  wedge-like shape wed i n  the model atudy, t o  ra ise  the  peesure  
gradient within the conduit, thereby permitting safe operation under 
high heade. It i s  recommended also tha t  the discharge ende of the 
52-inch ou t l e t  and tihe 72-inch m e r  conduit, whlch have e tee l  p i p  
extensions leading t o  the eloped entrance of the  diversion tunnel, be 
rearranged t o  a l l o w  the flow t o  discharge direct ly in to  the r ive r  
channel, thereby eliminating any damage which would resu l t  fram tibe 
turbulent flow if these outlets were allowed t o  discbarge in to  the 
diversion tunnel when it i a  f i l l e d  by backwater fkum Lucky Peak 
Reservoir. 



With the developent of water and power resources on the upper 
reachee of the Boise River, plane for rcmting floodwaters through the 
reservoir at Arrarrock Ib,m have become increasingly important. Early 

e studies indicated that 3.twou3.d be necessary to provide a maximum 
capcity of 20,000 cubic feet par second with the Arrowrock Reservoir 
at elevation 3210. Such a discharge would require the use of 8 of *he 
10 elevation 3018 outlets and a U  of the elevation 3105 outlets, 
(~igure 1). The elevation 3018 outlets would have to be altered in f3aW 
ray, or perhaps campletel;: revised, since the En~ign vEilves controlling 
the release fram these outlets cannot be operated under high heads 
without causing severe cavitation erosion to the outlet tunnels. 

Several alternate schemes for providing the required camcity, 
including proposed arrangements, discharge capscities, and cost 
estimates, were outlined in a memorandum fram W. G. Weber to W. C. 
Beatty, dated May 27, 1946, (~ppendix I), which was transmitted from 
the Denver office to the Region .1 office by a letter dated August 20, 
1946. Cost est-imntes for model testa and other design work, required 
to determine the most economical and feaeible lan, were requested by 
the Regional office in a letter dated October f, 1946. Plane IA and 
IIA, listed in the memorandum mentioned above, were considered most 
likely to satisfy the capacity requirements at a reasonable cost and 
wers submitted to the region by a lett~r dated December 2&, 19146. 
Authorization to proceed with the studiee needed to detersine the 
feasibility of IA, involving minor alterations to the valves In 
the proxhnity of the eeat rings, was contained in a letter fram the 
Regional Director to the Chief Engineer, bted April 19, 1948. A 
request for model studies relative to this plan was made by the Head 
of the Mechanical Division in a memorandum to the Chief Engineer, 
dated MEly 13, 1948, and approved on May 28. The model investigation was 
started shortly thereaftor and the testing was cdrmpleted in September 
1948. 

A teletype dated August 18, 1948, fram the region to the Denver 
office reviaed the discharge capcity requirements for flood control. 
In the revised plans, it was desired that s capacity of 10,000 cubic 
feet per second be avaiaable when Arruwrock Reservoir was at elevation 
3115 and Lucky Peak Resemoir at or belm elevation 3020. Upon receipt 
of the above teletype, Mr. W. C. Beatty, Consulting Engineer, was 
requested by the Head of the Mechanical Mvision to Cmpile information 
relative to the Arrarrock problem. The infomation was presented in a 
memomndum dated September 17, 1948, fram Mr. Beatty to I313 Chief 

1 J' Engineer. The memorandum is contained in this report as Appendix 11. 



Description of the model. The hyiiraulic model utilized in the study 
of the Arrowrock outlets consisted of a high-pressure steel tank, a 
1:8-2/3 scale bronze model valve, an& a section of brass pipe to repre- 
sent the dischar&e conduit, (~igure 3 )  . The nodel had been used 
previously for an investigation of conditions in the outlets at Shoshone 
Dam. Sections of the valve throat were removed as ohown In Flgure 3 to 
streamline the paasaye and make it conform with the alterations set 
forth under Proposal IA in W. G. Weberrs memorandum to W. C . Beatty, 
(~ppendix I). Nine , piezometer openings were @aced in the seat ring 
and throat of the model valve to enable a study of the pressure 
conditions at critical points. The shut-off plunger, arranged initially 
to be owrated hydraulically, was locked in the fully opon position for 
the testa, since it was planned that the prototype valve would not be 
operated st partial openings. 

Effect of etreamliniw the valve seat rix. An increase of about 
1-112 percent in the discharge capacity was realized xith the minor 
throat alteration, (~lgure 7). Severe negative pressuree were measured 
on the seat ring and in the throat immediately downstream, when the 
model was operated at heads corresponding to fram 100 to 200 feet proto- 
type, indicating that cavitation, which l m t e  the use of the present 
outlets, would be nearly as intonae and extensive as if no change had 
been made, (Figure 4). It appeared that msjor revisions of the valves 
would be required to obtain satisfactory pressure conditions, but it was 
considered Fmpmcticable to make these revisions even though an increase 
in camcity would be realized. 

Since the most sevsre eubalmospheric pressure in t h e  region of the 
valve seat was immediately downstream frcm the seal recees of the seat 
ring, it semed poseiblu W t  this condition mlght result f m  a 
separation ofthe flow f r o m  the boundary at the sharp damstream sdge 
of the recess. To determine if ouch was the case the recess was filled 
with boemmx and formed to the contour of the valve throat. The 
pressure distribution in the vicinity of the seat ring and the discharge 
cspacity remained unchanged; thus, it was concluded that the recess hnd 
no influence on the valve characteristics. 

Effect of increasinp, needle-tip diameter. An attempt was made to 
raise the pressures in the throat by attaching a ehort piece of pipe to 
the needle tip as sham ILL Figure 3. It was believed undesirable to 
use pipe larger than 8 inches in diameter for the prototype, 80 the 
model was altored with this in mind. There was no improvement in the 
preaeure conditions and further study of this treatment was not made. 



Effect of tunnel restriction. It became evident that  ati is factory 
owration of the3outlets at Arrmock Dsm could not be obtained by 
&king minor alterations to the valves. Restricting the flar area at 
the exits of the conduits was comidered to be the mxt logical step 
to obtain satisfactory operation. The trea-bent was not new; it had 
been investignted previously in connection with the elimination of 
cavitation pressures on the walls of the Arrowrock p e r  conduits and 
found most effective. It was realized that sane reduction in discharge 
ccspcity would result fram restricting the fLar area, but whether this 
reduction would be sufficient to make the plan Lmpracticable was not 
knuun. The model study, therefore, rosolved into tests concerning 
pressure conditions within the outlet conduit and changes In discharge 
ca~~city resulting from different degrees of restriction. 

The 1:8-2/j scale-model valve was restored to its original contour, . 
representing the prototype installation. Wedge-like restrictions of 
wrioue sizes were placed in the conduit at its damstream end, 
(~igure 5 ) ,  and pressure and discharge measurements made. Curves were 
prepared sharing (1) the minimum pressure at the critical zone in the 
valve throat versue depth of the wedge restricting the end of the conduit, 
and (2) the discharge for varioue depths of the restricting wedge, 
(~igure 6). ~osuming an aU.cmibI.e minimum pressure in the Valve throst, 
the size of the restricting wedge neceseary to give that pressure may be 
detemhrjd f r m  Flgure 6. 

It was fslieved that there would be little danger of cavitation if 
the minimu~c throat peesure was l b l t e r l  to -15 feet of water when the 
outlets were opLmtirq at nvlrlmum head. The wedge thickness for thls 
nrinimm value ie 7.4 illcbee. The use of this wadge in the lower 
irristion outlets would decrease the capacity by about 8 peTcent. If 
one of the power condults were restricted to provide approxdtely the 
eame discharge as an irrigation outlet, the total capacity of the 18 
ou'clets would about 10,200 cubic feet pes second with the water 
surface in .kt~arrock Reoervoir at elevation 3~18, C~gure 7). 

&ken with the tunnel restriction it is possible that cavitation 
will occur in small areas just dam~ltream frau the 'T' guides when 
the outlets are operated at high heads. Such action would be 
concentrated on the metal p t s  of the throat linsrs where roaistance 
to erosion would be a maximum and therefore could perhaps' be tolerated 
for the short priods the valves would be in operation. Cavitation 
could be e l iminated  by providing larger tunnel restrictions, but the 
uae of at least two power conduits would be required to realize the 
desired discharge. A n  investigation of the maxlnum pressures within 

Y - the conduit8 ehould be made If larger restrictions are to be used. 
This pressure rnlght be of such magnitude as to require lining of the 
conduits. 







Memorandum to Mr. W. C. Beattz 
(W. G. Weber) 

Subject: Alteration of outlots at Arrowrock IMu, Boise Project, 
Idaho. 

1. There are at prese9t the following upellings through Arrawrock 
aam: 

a. Ten 52-inch dinmeter outlets at elevation 3105.00. Fhch 
outlet is approximately '70 feet long, with concrete walls except 
for about 28 feet of- cast-iron lining at the upetream end. Each 
outlet is closed at its upstream end by a 58-inch Ensign-type 
balanced valve, with three of the ten wlves equippd with poaf- 
tiw COB~FO~B for reguhtion. 

b . Seven 52-inch diameter outlets at elevation 3018. Each 
outlet is approximately 128 feet long with walls, lining, m d  
control valves (fncluding three positive controls) as at 
elevation 3105. 

c . Three 72-i~ch diameter outlets at elamtion 3018, concrete- 
walled except for a 28-foot cast-iron-lined taper section at the 
upstream end of ea~h outlet joined to a 58-inch Ensign-tm 
bahnced valva. 

Two of the 72-inch diameter outlets and one %-inch diameter 
outlet et elevation 3018 a r o  connected throw steel discharge 
pipes to the lower end of 'the construction diversion tunnel. 

d .  Five 60-inch diameter sluicird outlets 164 feet low 
at elevation 2967. A 6-foot by ?-foot high-p?essure e~te 28-1/2 
fest fram the face cf the dam controls the flow in each oudet. 
Outlets are unlined except. for a total of about 20 feet of 
cast-iron linlng immsdiatetly upstroam and downstream fram each 
gate. Theee gates were designed for operation d e r  heads 09 
not more than 75 feet. 

3. 2. The present discharge capacity of the ten valves and ou%le%s at 
elevation 3105 with the water surface at elevation 3210 ( e p i ~ w a y  creet) 
is approximately 10,000 cfs. Since none of the balanced valves, under 
present operating imtructions, may be operated at more than about 100 
feet of head, this 10,000 cfs discharge rate represents approximately 
the maximum present prmlssible discharge with the water surface at or 
lower than elevation 3210. 



20,000 cfs, with the resemoir water surface at elevation 3210, be 
made practicable, and that a discharge rate of 8,000 cfs for irrigation 
be available in aeason. 

11.  Various means of increasing the rate of discharge to the deeired 
m o m t  have been considered, and some of %he more feasibla proposals 
are outlined below. In a11 i~stances, the outlets at elevation 3105 are 
to be left unchanged, and no discharge frwn the sluice gates (elevation 
2967) is Included. 

I -A.  Loave all 98-inch balanced valves at elevation 3018 
and the seven 52-Inch diameter outlets unchanged except that the 
valves in the 52-Inch outlets wl3l have minor alterations made 
t,o seats. Under this proposal it is Intended that all of the 
elevation 3018 balanced wlves considered'shll be used to 
tiischarge water wheri N l y  opened with heads up to 192 feet 
(w. S. 3210), leaving the positive control valves to discharge 
at prt1a.l openings when required at less than 100-foot heads 
as at present. The seat altemtiom, to be determined and 
checked by laboratory test using a model of the Shoshone 
balanced valve now on hand, are expected to eliminate cavita- 
tion to the extent thet no more damage will be cawed in the 
el.ewtion 3018 valves and outlets under the higher heads than 
if3 now cauaed in the elevation 3105 installatiom. This damage, 
so far as is knam to this office, is not serious. The 58- 
inch balanced valves at Shoshone Dm are similar in design 
to the L~owrock valves, and k v e  been operated at hoads up 
to 215 feet without ma-terial'damage to the valves. The Arrm- 
rock elevation 3018 valve5 have aleo beenaperated at times 
at materially higher heads than the reconmended 100 feet. 
(~ef. correspondence and "High-Prsesure Reservoir Outlets" 
by Gaylord and Savage. ) It is therefore proposed that, subject 
to favorable reports resulting f r m  a thorough investigation 
of the present physical condition and operating characterietice 
of the elevation 3918 balanced valves, and of the present 
condition of the 52-inch diameter outlets through which they 
discharge, tests of a model-size valve of this type nox avail- 
able in the laboratory be made as suggested above, and, if tests 
are satiafactory, the seats of the seven valves In the 52-inch 
outlets be altered to correspond. This proposal provides a 
hlgh discharge rate at the lowest coat of any conside~ed. A 
sectiori through the dam ahowing the outlets, and estimated 
cost6 and diachargs cur~es are atteched hereto under Proposal 
No. 1-A. Valve seat alteratlone, as now contempkited, could 
be made without diemantling of the valves but would require 
that tne reeervoir water level bo dropped bolcw elevation 
3018 for a relatively ehort tfme. 



ele'vation 3018 valves-altered and the three 72-inch outlet6 
lined with 52-inch diameter concrete-backed steel. pipe and d is -  
charging into the diversion tunnel. This proposal gives the 
highest discharge r a t e  of any of the lover cost proposals 
coneidered. EstFmated cost and discharge curves a r e  sham 
mder Proposal No. I-B. 

11-A.  In the event that  e i ther  the r e su l t s  of labora- 
tory model t e s t s  do not indicate t h a t  sat isfactory discherge 
cliaracteristics can be obtained by valve sea l  a l terat ions,  or  
f i e l d  reports indicate t h a t  Proposals I - A  and I-B are not 
feasible, it is proposed tha t  all balanced valves at, elevation 
3018 be l e f t  unchanged, but that the  52-inch out le ts  be l ined 
with 48-inch LD grout-em.ased s t e e l  pipe. It is expected t h a t  
the decrease i n  the s ize  of the out le ts  w i l l  create enowla 
back pressure a t  the valve discharge or i f ices  t o  virtually 
eliminate cavitation. Laboratory confirmation i s  avaj.lable. 
Cost and discharge e s t i m t e s  are  given under attached Propom1 , 

11-A. A l l  work under P ropea l  11-A can be performed with 
balanced valves closed and reservoir water l eve l  a t  any 
elevation. 

11-13. Same as 11-A but w i t h  all ten  elevation 3018 
out lets  l ined with 48-inch s t e e l  pipe. Cost and discharge 
data 11-B are attached. Obviowly, i f  t e s t s  indicate t h a t  
a coxupeneating advatage  w i l l  b6 ~ i n e d ,  valve sea t  alteratbone, 
a s  under I, may also  be made. 

1 1 1 - A .  Line seven 52-inch out lets  a t  elevation 3018 
with 48-inch pipe as  under 11-A and i n s t a l l  a 54-inch hollow- 
J e t  w l v e  a t  the downetream end of ee.ch out le t .  The present 
58-inch balanced valves would re retained fo r  emergency 
closure. Under t h i s  proposal, elimination of cavitation 
wodd be assured, and emergency closure of each of the seven 
out le ts  would be provld.ed. Eat-ted cost and discharge 
curves are shown under Proposal No.  111-A. Forty-eight- 
inch l in lng  and 54-inch hoUow-Jet valves may be added f o r  
the three remaining out le ts  at, elevation 3018, and discharge 
curves a r e  sham f o r  t h i s  condition, but the additional work 
i s  not included i n  the estimates. 

111-B. Same as  Proposal 111-A except t h a t  the use of 
a modified hollow-jet valve is contemplated. It i s  believed 
that the modified hollow-jet tube valve can be manufactured 
a t  a lower cost than the present; type of valve, and it is 
erpected tha t  laboratory t e s t s  w i l l  shaw a higher discharge 
coefficient.  The valve i s  not yet  out of the developtent 
stage, but estimated cost and discharge curves are given . 
under I11 -B . 



5. O t h w  p p o e a l e  have bean oaolsidored, axmg them "be- RK)- , t o  enlarge tbs outlets t o  72 ioohes, line tha rith &-Inah 4 l w  
8-1 pipe, and install 72-imh h031w-jet mlvem or 6 6 - M  ballor-Jet 
tribe Vapvee after mmming the 58-inch I n i l ~ ~ ~ e d  v a l w e  anb pwldUq P.fl- 
mouth iplets, a fired-rhwl gte, rud a @&ntZ'y arans; anb P a o ~  V, b 

a drive a new 16-foot diaeaeter outlet mder ,$he l e f t  side of thb dgat 
w l t h  &eel lining, upstream 8- lqp, +nil eix @-in& hollar-jet dims 
at s ix  72-imh W a v - j e t  tube Prr3.vee a t  ehe braachedl end. \ 

a A l l  of theee other propoeale appeered too o o e w ,  impwrofiaal, OP 
involving U m u e l y  long per iou of depleted rbeemlr 

6 .  A table ahowing the esttmated c o ~ t  and dieobarge for  -oh 
pmpoeal i s  given below. Mecharge frm the ten outlets at e l m t i o p  
3105 IB included i n  each uase. 

Estimated Ehx. diecberge 
cost cfe a t  ma. $1. 3210 

x . 4 ~  Mbdify e e ~ t e  an seven a v e s  st El. 3018. $9,800 18,400 

I-B ~ i f y  s e t e  on ten d v e e  a t  ~ l .  30x8 
and Fnetall 52-inch diameter s teel  
linlng i n  three power outlets. 66,720 22, ooo 

I I - A  Inetall @inch dimetar s teel  pipe lining 
i n  eeven outlet8 at ~ l .  3018. 64,620 17,600 

II-B Install 48-inch diameter s teel  l in ing  In 
eeven imigertion and three pover outlets 
a t  ~ l .  3018. 118,830 =,OW 

III-A In8W.l @-inch diamster steel  p i p  lining 
8nd 54-inch holluw- J e t  valves i n  seven 
outlet8 at  ~ l .  3018. 24,724 16,800 
~ n c h d l n g  48-inch s teel  pips l i n ing  i n  
three p e r  outlets a t  EL. 3018. 91,934 20,000 

I I I -B  Ssme as I I I - A  except illstall hollarw-jet 
tube valves. 185,384 17,400 
Including #-inch eteel plpe lining i n  
three pawer outleta a t  El. 3018. 237,594 20,400 

IV-A - Enla~ge e m n  outlet6 at El.  30s and 
imtall 66-inch diameter steel  pipe 
linlng and 72-inch hollow-jet M s .  655,174 22,800 

IV-B ~ a m e  as  IV-A exoept i n s ~  seven 66- 
+ inch hallaw-jet valvee. 519,910 22,802) 







September 17, 1948 

To: Chief Engineer 
Through Chief, Mechanioal Mvision 

Fram: W. C. Beatty . 

SubJest: Alteratlone to Arrourock Dm to acccmnodate backwater f'ram 
Luclry Peak Resemoir and provide 10,000 cfs discharge 
ca-=city fkcm present valve im+A1Ilation at reeervoir 
elevation of 3118 feet ard abcve. 

1. The p q m e e  of thia report ie to liet and discuss sane of the 
=in factors w.Uch 8PlouJ-d be considered in altering Arrowrock BBm to 
meet the flood-control requi~~rments ataterd in a teletype A'aan Reglonal 
Director, Region 1 to tl ) Denver office dated Augut 18, 1948. The 
data given herein should be eupplemented as adqitional information la 
obtained. This report haa been prepxred at the repueet of the Chief 
of the M e c W  cal Mvieion. J. W. Ball and D. Col.@~h collabomted 
in its preparation. 

2. The three dams, Andereon Ranoh, Arrowrook, and Lucky Peak, will 
be ueed to control floods In the Boise RSmr. It i a  understood .that 
the reservoirs above these dems will be filled in 'the oHer lieted above 
and emptied in reveree order. For opratian in thls manner, the United , 

States E$glneere Off!.ce has iadicated thatq a minimum of 10,000 cfs 
outlet camcity will br9 required at Arrawrock for reservoir lwele at 
and above elevation 3 ~ 8 .  

3. The foilorring datQ wi l l  be comidered In diecuesing these 
factors : 

Elewtion 3105 Outlets--Ten %-inch needle valvee--52-inch conduits 
Elevation 3018 Outlets --Seven 58-inch needle valve8 --52-inoh oonduite 
Elewtion 3018 h e r  outlets--!&re8 58-inch needle valvas--72-inch 
conduits 
Elevation 2967 Sluice outlets - -Slide gates --60-inch diameter outlets 
Elsvstion 3210-Spillway crest 

* 
Elemti nn 3216 - - b h i m v s  water elevation * 
lkrimn heeds or- valvee--Upper tier, ;Il-feet--Lower tier, 198 feet 

Luub Peak Dam 

Elevation 3060--m~1~1 water euPPaoe 
Elevetion 3020--Discharge 10,000 cf 8--Chanagl camcity 



M e  the maximum capacity of the r iver  channel downstseam, 10,000 cfs,  
a t  reservoir  elevation 3020, there seeans t o  be no requi i*znt  f o r  die- 
charging t h i s  amount frmn Ammock  when Arrowrock Reservoir is  a t  
elevation 3118 and Lucky Peak Reservoir i s  above elevation 3020. Aa 
Lucky Peak Reeervoir is  t o  be f i l l e d  lae-t; and amptied first, W o  con- 
d i t ion  should eeldorm, i f  ever, exist .  The discharge camcity f o r  var- 
l o w  degree6 of submergence of the oonduits can be detemlned f r a n  the 
attached graph. 

5. The number of  outlet;^ required to release 10,000 cfs  frorm 
Arrowrock Reservoir, with a water-surface elevation of 3118 and Lucky 
Peak Reserrroir a t  o r  below elevation 3020, is  as follows: 

a .  Assuning t h a t  17 valve out le ts  and 1 puwer conduit wi l l  
be w e d  and that; there w i l l  be no a l t e ra t ion  to prevent 
cavitation a t  high heads except t o  the power out le t  

7 lower outIets,  930 c f s  each 6,510 c f s  
1 parer conduit (altered) 

10  tper outlets ,  334 c f s  each 

T o t a l  o u t l e t  capacity 10,705 c f s  

b. Assmng the ~ a n e  number of conduits w i l l  be wed and 
t h a t  the seven lwwer w l v e  out lots  and one power 
conduit w i l l  be altered t o  prevent cavitation at  
high heads 

7 lower out lo ts  (altered) 855 cfe each 5,985 cfe 
1 p e r  conduit a l tered)  855 c f s  I 855 

10 upper. ou t l e t s  no a l te ra t ione)  3,340 
334 c f s  each 

~ o t a l  o u t l e t  capacity 10,180 cia 

rZie above quanti t ies  a re  based OI-A the discharge curves obtained from 
t he  model and contained on the  attached graph. ' Pze euhnergence 
cawed by Luaky Peak Reservoir being at elevation 3020 has not 'been 
considered I n  maklng the foregoing estimates; thus the  .actual c a p c i t y  
may be s l ight ly  lee8 than indicated above. 

6. ~t ie  not g o d  engineering t o  assume tGt l i3  out lets  a r e  
available f o r  uee 100 percent of the t h e .  The decrease i n  osprcity 
due to some of t he  valves being inoperative should not  be c r i t i c a l  
however, since the  capeoity increases rapidly as the water surface i n  
Arrowrock r l see .  For instance, if  we a e m e  that only 8 upper and 6 
lower out lets  (al tered)  can be wed t o  18eleaae water f'rcm &rowrock 
Reeervoir, It would be possible t o  discharge 10,000 c f s  with the water 
eurface a t  approximately elevation 3140 and Luchy Peak Reservoir at or  
be lw elevation 3020. 



t h i s  time since it is assumed that the cavitation which k i l l  occur i n  
these condulte when the reservoir elevation i a  above 3180 w i l l  not be 
too destructive. A f i e ld  inepection of the upper outletru would 
detemlne whether t h i s  assumption i s  correct. 

8. Although the power conduits contain fis-inch Ensign valvse, 
which are the same size as those i n  the outlets,  the conduits expnd 
t o  72 inches i n  diameter immediately daanatrern. 'Ilhio ezpaneion , 

tends t o  increase the severity of cavitation t o  such an extent t ha t  
res t r ic t ion of the downstream ends is considered neceseary to aeeure 
satisfactory prformance a t  the operating heade. 

9 .  It is understood that  a l l  of the outlet  valve6 w l f i  be 
e i ther  wide open or  cloeed. If such i s  the caee, no coneideration 
need be given t o  the fac t  tha t  cavitation occurs on the needle t i p s  
a t  Bmall openings . 

10. Conalderation ehould be given t o  the unlined portion of the 
lower outlets which w i l l  be aubJ'3ctedto pressures not c ~ n t s m ~ t e d  
i n  the original d.esign. The pressure within a conduit mi 
much a s  40 psi, assuming operation of the outlet  
reservoirs a t  Arrowrock arid Lucky Peak. 

. Since the 58-inch valves a t  Arrowrock are identical t,o those 
w a d  a t  Shoehone Dam under 220 fee t  of head, they should wove as 
satisfactory mechanically under the luwer head a t  Arrowrock. 

12. Wenaive  repairs to the valves may be required before -bey 
can be ueed f o r  flood control. An inspection of the valves would a s -  
close what parts need t o  be replaced and purcha~e could be made so 
that, the work could be scheduled t o  avoid loas of time. The erpeme 
of making the r e w i r e  can be kept t o  a minimum if the work can be 
performed when the Arravrock Reservoir it3 a t  or below elevation 30U. 
By using stop logs and bulkheads, it would be possible to work on the 
wlvee  w i t h  the reservoir a t  elevation 3028. Records i n  thie office 
f o r  the period between 1918 and 1935 ehow an average of 2 weeks per 
year inwhich the reservoir is  below elevation 3011. With proper 
regulation of the diecharge frau Andiereon TZanch Bun, I t  is probable 
that the reservoir could b6 kept a t  or  below W e  elevation fraan 2 
to 3 month8 each year. 

1 .  Any additions or  al terat lory neceesary t~ acccmnodate the 
backwater from Lucky Pehk Dam w i l l  be the aame whether,or not 188 valve 
out le ts  are altered t o  germit cavitation-free operation a t  high heads. 
Eatlmatea a d  dravlnge have been prepared by the Mvision fo r  
t h i e  work and transmitted t o  the Regional Director by l e t t e r  of 
August 27, 1948. . 

14. An examination of pertinent d r a w i n g s  ohms that eteel-pipe 
exteneiom have been made t o  om 52-inch outlet  and two 72-inch pwer 



the diversion tunnel. If the exteneions are  s t i l l  i n  place, it w i l l  
be r e h t i v e l y  easy t o  rearrange them to diacbxrge tpe flow frcmn3theee 
conduits direct ly into the r iver  channel, Immediately duunatream fram 
the dam. The unlined rock wall8 of the diversion tunnel might be 
damaged i f  there is any tail water effect  fran Lucky Peak Dam and the 
flow from these pipes ia.aSlmed t o  discharge into the tunnel. 

15. The proposed acheme of routing the flw through the three 
reservoirs to mainkin marlmum head and storage f o r  generating 
parer a t  Anderson Rabh Dam Is very good. Better flood protection 
would be obtained by f i l l i n g  Luclry Peak and Arrowrock t o  elevations 
3020 and 3 ~ 8  respectively, before canpleting the f i l l i n g  of the reser- 
voirs  i n  the order mentioned. 

16. The cost of placing a wedge or choke i n  the d m k e e m  end 
of each lower outlet  and one power conduit, t o  peven t  cavitation a t  
high heada, would be re la t ive ly  Bmall. 

17. Model tests of the Arrowrock outlete show that_wvitatIon 
may be expected a t  head8 I n  exceee of 75 f ee t  when no res t r ic t ion  of 
the conduit is made. W e  action may or may not be c r i t i c a l  i n  the 
case of the upper outlete when operated under the maximum head of 111 
fee t .  B' prolonged operation under higher heads is necessary, as might 
be the case f o r  the lower conduits, there i s  certain t o  be eevere 
cavltatllon. The resul ts  of a thorough inspecMon of the valves and 
conduite a s  they exlet  a t  the present time should be used as a guide 
i n  deterrmining the need fo r  al terat ion.  It i e  possible to eliminate 
cavitation i n  any outlet  by placing Bufflcient res t r ic t ion  a t  i ts  
downstream end. 

18. Ih vim of the Information s e t  for th  I n  the p-~&dlng 
paragraphs, it i s  recanmended tha t : .  

a. Diacharge curves fo r  the Amenmock outlets,  w l t h  end 
without a l tera t ion  of the condulte t o  permit cavitation- 
f ree  operation a t  high heada, be furnished the project 

b. A cost e s t h t e  be prepared and a working pLan developed 
fo r  repairing the valves, baaed on the resul te  of a f i e l d  
inspec t ion 

c .  The lower-tier outlets  end one p u e r  conduit be provided 
with mw type of res t r ic t ion  a t  their downstream ends 
t o  enable operation without serious damage fr& 
cavitztion 

Enclosure (1) 
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